ABSTRACT: This study investigated the removal of chromium from Enugu Coal with HCL as the leaching agent under different conditions such as Leaching Time, particle size, acid concentration, and volume of leaching agent. The filtrate from each treatment was analyzed with Atomic Absorption X-ray Spectrometer (AAS) to determine the amount of Chromium leached. Similarly, the residual coal from each treated sample was also analyzed together with virgin coal using Scanning Electron Microscopy (SEM). Micrograph of virgin coal revealed the features of lithhophiles like aluminum and silicates. The absence of these features on the residual coal confirmed the removal of inorganic elements in residual samples. A quadratic model was predicted and optimized which resulted to Particle size of 50µm, reaction time of 35 hours, HCL concentration of 2mol/dm 3 and Leaching agent of volume of 100mls. Optimum conditions were validated at model desirability of 1. Experimental value of 91.19% with error of 0.840% was removed.
Energy has become an important prerequisite for the economic development of a country. On one hand it is used for the industrial and agricultural purposes and on other hand it is required for domestic use. Nigeria is presently facing an acute power shortage, with a rapidly growing population and economy, and relying heavily on thermal power generation and hydroelectric power. About half of the thermal power generation is based on oil or on natural gas. Oil is very expensive and rising unpredictable to unprecedented height even though Nigeria is one of the largest oil producers in the world. Nigeria is presently facing a high demand and supply of gas for electricity and may increase in the coming years despite federal government efforts to increase power generation before 2020.
One of the strategic issues for contemporary manhood is production of a sufficient amount of energy for further technological development. Despite numerous attempts to use new, practical inexhaustible energy sources, such as solar energy (Lowery, 2002) , wind energy (Thoma, 1992) , and high and low tides (Omer, 2002) .On the basis of instigations of coal genesis, its composition, as well as general characteristics of coal deposits, coal can be defined as a combustible sedimentary rock, originating mainly (some coals are algal) from residues of terrestrial and aquatic plants, and of minerals (Wood et al, 1983) . Coal can also be defined as a solid dark -colored, carbon -rich material that occurs in stratified sedimentary deposits. Coal happens to be the most abundant of all mineral resources in Nigeria. (Onwu, 1999) 
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Unfortunately it is the least tapped. Coal, if properly tapped and harnessed, could be a source of foreign exchange for the nation. Leaching of coal samples before combustion or before use for power plant operations will surely remove most of the trace elements in that coal thereby minimizing its environmental problems. Removal of materials by dissolving them away from solids is called leaching. Enugu coal has been found to contain greater quantity of chromium and lead when compared with other trace elements according to (Onwu, 1999) . Therefore, this effort is aimed at optimizing the removal (leaching) of chromium from coal sample using response surface methodology.
MATERIALS AND METHOD
Raw materials and its source:
The main raw materials used in this research included Bituminous coal, hydrochloric acid and distilled water. The coal sample was obtained from Onyeama mine Enugu through Enugu Coal Co-operation while the mineral acid and distilled water was purchased from Ogbete main market Enugu Nigeria.
Coal sample Preparation:
The coal sample obtained was first wet washed with distilled water to remove free sand particles associated with the coal and dried under the sun for 24hours. Cleaned coal sample was crushed followed by grinding in a pestle and mortar, screened through 75µM sieves using a sieve shaker. The definite sized coal sample was dried in a vacuum oven at 110°C for one hour and cooled in a desicator.
Characterization of coal sample: Moisture content, Ash content, volatile matter and Fixed Carbon were analyzed by loss on ignition using the standard method (ASTM D2974-14, 2014 ). An FS 240 variant Atomic Absorption Spectrophotometer (AAS) using Nitrous oxide oxidant gas, Acetylene gas, Air oxidant gas, distilled water, and conical flask were used for the analysis of chromium. The micrograph of the virgin and residual coal samples was determined using Scanning Electron Microscope (SEM).
Extraction of trace metal (Chromium):5grams of pulverized coal sample was measured into a 100ml beaker of different volumes of HCL of different concentrations. The mixture was shaken vigorously and placed in a water bath set at 65°C for 20hours with intermittent stirring. The mixture was filtered using what man filter paper No. 1. The filtrate was then taken for analysis while the residue was washed thoroughly with several amount of distilled water to remove all traces of acid. The washed coal residue was placed in the oven set at 50°C to dry and weighed until constant weight was obtained. The dried coal residues were placed in a desiccator to cool. The washed coal residue was taken to the laboratory for further analysis. Where xi -coded value of the ith variable, Xiuncoded value of the ith test variable and Xo -uncoded value of the ith test variable at center point Onwu, 1990 .From the results in table 4, it can be concluded that the coal sample studied is sub-bituminous coal according to American society for testing and materials (ASTM) classification of coal. SEM Observations: SEM micrographs of the virgin and leached coal samples are provided in figs.1 -2. Figs.1a-1b represents the SEM image of the virgin coal at 10µm and 30µm. It can be observed from the figure that a bulk of microstructure which in turn is composed of a homogeneously distributed network comprised of small filamentous and fistulous crystallites showing the presence of minerals. In the matrix, Luminous and non-luminous features can be seen. These features indicate the presence of minerals distributed in the organic matrix and as surface coverage. Some features such as fissures, cleats, cracks and veins can also be seen. To remove the minerals and enrich the coal in usable carbon, chemical leaching was performed with HCL acid and the mineralogical studies of the residual coal performed. From figs 2a and 2b, it can be seen that numerous aggregated particles was present, the porosity has been increased and provides strong evidence that significant amounts of inorganic elements are being removed. Also from figs. 2a and 2b, it was observed that the process caused serious morphological changes in the particles and did enormous harm to the surface by leaching some of the inorganic elements. However the leachants used with the combination of factors for this experiment seems to be more effective in removing trace elements from the coal under study. 
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In a regression equation, when an independent variable has a positive sign, it means that an increase in the variable will cause an increase in the response while a negative sign will result in a decrease in the response. A combination of the actual experimental response and the predicted response from the mathematical equations are given in table 7, where it was seen that there is a close correlation between the actual experimental response and the predicted response. This comfirms the effectiveness of the leaching of trace metals with conc HCL. Hence, it can be seen from the figures that the points were closely distributed to the striaght line of the plot, it confirms the good relationship between the experimental values and the predicted values of the response though some small scatter like an "S" shape is always expected. These plots equally confirm that the selected model was adequate in predicting the response variables in the experimental values.
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